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SIMULATION OF DRUG EFFECTS ON OA DISEASE PROGRESSION
MEASUREDWITH MRI - ORDERED VALUES ARE MORE SENSITIVE THAN
ANALYSIS OF CARTILAGE PLATES AND SUBREGIONS
F. Eckstein1, W. Wirth2
1Paracelsus Med. Univ., Salzburg, Austria; 2Chondrometrics GmbH, Ainring,
Germany
Purpose: To overcome challenges of the spatial heterogeneity of MRI-based
subregional cartilage loss in OA, an ordered value (OV) approach was
proposed. This approach ranks subregional cartilage thickness changes in
each knee according to magnitude, assigning the region with the greatest
cartilage loss to OV1, the one with the 2nd greatest loss to OV2, and the
one with the smallest loss or largest increase in thickness to OV16. The
approach includes 8 medial and 8 lateral femorotibial subregions and was
shown to be effective in differentiating rates of cartilage loss in OA knees
with and without JSN. Here we explore, by simulation, to what extent the
OV approach is superior in identifying potential effects of a DMOAD on
structural progression in OA.
Methods: 610 knees with radiographic OA (300 with JSN; 310 without)
from the Osteoarthritis Initiative were analyzed at baseline and 12 month
follow-up (public use data sets 0.E.1, 1.E.1, 0.2.2). The knees were ran-
domized into two equally sized groups. The following simulations were
performed: A) all negative subregional changes (thickness loss) were re-
duced in the treatment group, B) all positive changes (thickening; swelling
or hypertrophy) were reduced, C) both types of changes were reduced,
assuming a 25% reduction by a DMOAD. For each of the three simulation
types, the following models were run 1) homogeneous reduction of 25%
in each subregion in the treatment group; 2) random reductions between
0% and 50% (mean=25%, SD=12.5%) across knees, but the same value in
all subregions of each knee; 3) random reductions between 0% and 50%
(mean 25%; SD=12.5%) across different subregions and knees. Effects were
reported when consistent results were obtained for simulating the DMOAD
effect in each of the randomized subcohorts versus the other (as a placebo
[Mann-Whitney-U test; p<0.01]).
Results: Running simulations A-C and models 1-3, signiﬁcant treatment
effects were occasionally observed in cartilage compartments, plates and
subregions, but in no case these were consistent when simulating treat-
ment effects in the other randomized subcohort. In contrast, OV1 revealed
consistent signiﬁcant differences in the treated vs. placebo group (p for OV1
between 4.4×10-7 and 1.1×10-11), and OV1-5 displayed signiﬁcant results
in all models, independent of whether the treatment was simulated for
one or the other randomized subcohort. This also applied when simulating
a DMOAD reducing cartilage thickening, with OV16 displaying treatment-
related p-values of 1.5×10-8 to 7.7×10-12, and with OV13-16 displaying
consistent signiﬁcance across all models. Simulation of a DMOAD stabiliz-
ing cartilage generated p-values for treatment effects between 1.2×10-6
and 9.2×10-11 in OV1, and values of 3.3×10-096 to 4.0×10-11 in OV16,
independent of which randomized subcohort was used.
Conclusion: Limitations of the study are that subregional changes are partly
due to precision error, and that it is unknown to what extent DMOADs can
reduce (subregional) cartilage thinning or thickening. Therefore, a conser-
vative DMOAD effect of only 25% was applied. A strength of the approach
was that the simulation accounted for potential variability of treatment
effects between knees and regions, and that the simulation was based on
actual measurements of (subregional) cartilage change in OAI participants.
Therefore, the principal observations should hold, even if the actual magni-
tude of the effect of a DMOAD was larger or smaller. The results suggest
that a) the OV approach is more effective in detecting DMOAD effects than
the conventional approach, b) that, unlike conventional approaches, it is
capable of capturing effects of a drug stabilizing cartilage (i.e. reducing
both loss and thickening), and c) that the OV approach is less sensitive to
randomization effects than region based analysis of cartilage loss.
These results will have to be conﬁrmed empirically; the current simulation,
however, suggests that ordered values (OVs) of subregional cartilage change
in MRI are a potentially very powerful tool for detecting drug effects on
structural progression in OA.
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DIRECT COMPARISION OF ONE- AND TWO-YEAR SENSITIVITY TO
CHANGE OF FIXED FLEXION RADIOGRAPHY VERSUS SUBREGIONAL MRI
CARTILAGE MORPHOLOGY: DATA FROM THE OSTEOARTHRITIS INITATIVE
W. Wirth1,2, J. Duryea3, M. Nevitt4, M. John5, F. Eckstein2,1
1Chondrometrics GmbH, Ainring, Germany; 2Inst. of Anatomy and
Musculoskeletal Res., Paracelsus Med. Univ., Salzburg, Austria; 3Brigham and
Women’s Hosp., Harvard Med. Sch., Boston, MA; 4Univ. of California San
Francisco, San Francisco, CA; 5Novartis Pharma AG, Basel, Switzerland
Purpose: Longitudinal studies investigating risk factors for structural pro-
gression of osteoarthritis (OA) or disease modifying interventions have
mainly relied on measurement of minimum joint space width (mJSW) as
primary outcome. Direct cartilage morphometry by magnetic resonance
imaging (MRI) may be beneﬁcial, because of a potentially greater sensitivity
to change and because, contrary to radiography, it is not confounded by
meniscal extrusion. Here we directly compare the sensitivity to change
of ﬁxed ﬂexion radiography versus MRI-based (subregional) knee cartilage
thickness in OA Initiative knees over 12 and 24 months.
Methods: Radiographic and MRI data from the OAI (public use data sets
0.E.1, 1.E.1, 2.E.1 [imaging] and 0.2.2 [clinical]) were studied in two sub-
samples: 1) Baseline and 12 month follow-up (12M) in 275 knees with
radiographic but not necessarily symptomatic knee OA, using a coronal
FLASH MRI sequence; 2) Baseline, 12M, and 24 month follow-up (24M) in
100 knees with radiographic and symptomatic OA, using a sagittal DESS
MRI sequence. The radiographs were measured semiautomatically and
independently of each other; the MRI data were read in pairs (or triplets),
with blinding to time point, by seven readers. The standardized response
mean (SRM) for mJSW and ﬁxed JSW locations (distance between the
external borders of the medial [0%] and the lateral compartment [100%])
were compared with that in (subregional) MRI cartilage thickness of the
medial femorotibial compartment (MFTC). Pearson correlation coeﬃcients
were computed between both methods.
Results: In the FLASH subsample (n=275), the 12M SRM was -0.22 for
radiographic mJSW, and -0.34 for MRI-based cartilage thickness in MFTC.
In the DESS subsample, 12M SRMs were -0.24 (radiographic mJSW) and
-0.30 (MFTC), and 24M SRMs -0.20 and -0.38, respectively. The smallest
SRM (i.e. the most sensitive) for radiography was observed in the FLASH
sample (12M) at the 20% ﬁxed distance position (-0.32), the most sensitive
MRI parameter in this subsample being the combined central femoral and
tibial subregion (SRM:-0.37). The smallest SRM for MRI was observed in the
DESS sample (24M) in cMFTC (SRM: -0.53) the most sensitive radiographic
parameter in this subsample being the ﬁxed distance position at 20%
(SRM:-0.27). The greatest Pearson correlation coeﬃcients in the FLASH
sample over 12M were found between mJSW and the combined external
tibial and femoral subregion (eMFTC) (r=0.51, p<0.01). In the DESS sample,
the correlation was greatest between the 22.5% ﬁxed distance position and
the central subregion of the medial tibia (cMT) over 12M (r=0.330, p<0.01)
and between the 27.5% ﬁxed distance location and cMT over 24M (r=0.531,
p<0.01). The correlations between ﬁxed distance positions and MRI
parameters tended to exceed the correlations observed between mJSW and
MRI in the DESS cohort over 24M but not in the FLASH cohort over 12M.
Conclusions: The sensitivity to change in ﬁxed ﬂexion radiography was
higher for ﬁxed locations than for mJSW. However, radiography provided
a somewhat lower sensitivity to change than MRI. Correlations (Pearson)
between mJSW and MRI were statistically signiﬁcant, but only moderate
(r≤0.53). Site-matched correlations (external, central, internal) between
ﬁxed locations in radiographs and subregions in MRI were not consistently
higher than the coeﬃcients between mJSW and MFTC.
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THREE DIMENSIONAL DISTRIBUTION OF ACETABULAR CARTILAGE
THICKNESS IN PATIENTS WITH HIP DYSPLASIA BY SEMI-AUTOMATIC
COMPUTER ANALYSIS OF HIGH-RESOLUTIONAL COMPUTER
TOMOGRAPHY -ARTHROGRAPHY
S. Tamura1, T. Nishii1, T. Shiomi2, Y. Yamazaki3, K. Murase3, T. Sakai2,
M. Takao2, H. Yoshikawa2, N. Sugano1
1Dept. of Orthopaedic Med. Engineering, Osaka Univ., Suita, Japan; 2Dept. of
Orthopaedic Surgery, Osaka Univ., Suita, Japan; 3Dept. of Med. Physics and
Engineering, Osaka Univ., Suita, Japan
Purpose: Previous reports showed usefulness of three dimentional (3D)
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magnetic resonance (MR) imaging for evaluation of acetabular cartilage
thickness in patients with hip dysplasia, however there remains a con-
cern for limited spatial resolution and decrease in signal to noise ratio
of MR imaging to achieve accurate morphological assessments. Isotropic
computer tomography (CT) -arthrography has great advantage in superior
spatial resolution and high signal contrast. The purpose of this study was to
evaluate 3D distribution of acetabular cartilage thickness in patients with
hip dysplasia by semi-automatic computer analysis of high-resolutional
isotrophic CT-arthrography.
Methods: We studied 20 hips in 18 patients with hip dysplasia deﬁned
by center-edge (CE) angle of Wiberg was 24° or less. All patients were
females and the mean age was 32 years (range: 16 - 49 years). On
radiographs, all hips were at Kellgren-Lawrence system of grade 0 (no
osteoarthritic ﬁndings) and the mean of CE angle was 4.5° (range: -12.0° -
16.5°). After injection of contrast medium into hip joint under ﬂuoroscopy,
multi-detector row herical CT scanning was performed with continuous leg
traction system to demonstrate the acetabular and femoral cartilages dis-
tinctly by interposition of joint ﬂuid layer. Axial images were reconstructed
with an in-plane resolution of 0.5mm × 0.5mm, and longitudinal resolution
of 0.5mm. CT data was transferred in DICOM format to the semi-automatic
cartilage thickness analysis software (Baum globe; Osaka University, Japan).
First, the center of acetabular dome in 3D space was deﬁned by ﬁtting the
spherical ball with appropriate radius attached acetabulum. Second, the 3D
cartilage surface model was constructed after binarization of CT data. The
cartilage thickness was automatically calculated by subtraction of distance
between the inner cartilage edge and the acetabular center from distance
between the outer edge and the acetabular center, and was displayed
with color mapping (Fig. 1A). Third, the acetabular cartilage between the
anterior 60° range and posterior 60° range was divided into 6 zones in
increments of 20° (Z1-Z6) and each ROI was further divided into lateral (L)
and medial zones (M) (Fig. 1B). The average cartilage thickness at each zone
was calculated and compared between the lateral and the medial zones.
We compared cartilage thickness at each ROI between the younger (age <
35 years) and the older (age ≥ 35 years) groups, and among the severe (CE
angle < 0°), the moderate (0° ≤ CE angle < 10°) and the mild (10° ≤ CE
angle) dysplasia groups.
Figure 1. 3D distribution of cartilage thickness and deﬁnition of 12 ROIs. (A) 3D image of
cartilage thickness with color mapping. (B) Image seen from acetabular opening (arrow
in A) and deﬁnition of 12 ROIs.
Results: There was a general trend that the cartilage thickness was in-
creased toward the Z3. The lateral zone is signiﬁcantly thicker than the
adjacent medial zone at each zone (p<0.05) (Fig. 2). Between the younger
and the older groups the thickness at each zone was not signiﬁcantly dif-
Figure 2. Comparison of the cartilage thickness between the lateral zones and the medial
zones.
Figure 3. Comparison of the cartilage thickness among the severe, the moderate and the
mild dysplasia groups.
ferent. The medial cartilage in the severe dysplasia group was signiﬁcantly
thicker than that in the mild group at Z3 (p<0.05) (Fig. 3).
Conclusions: In patients with hip dysplasia the distribution of acetabular
cartilage thickness was not uniform. There was a general trend the cartilage
thickness was increased toward the Z3 and the distribution of acetabular
cartilage thickness may differ according to the severity of dysplasia. The
current study suggested that care should be taken to deﬁne cartilage thick-
ness threshold in deﬁnition of osteoarthritis criteria. This technique may be
useful for early detection of cartilage disorder and operative planning for
periacetabular osteotomy visually and quantitatively.
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MAGNETIC RESONANCE IMAGING TO MEASURE FRACTIONAL FAT
CONTENT IN THE PROXIMAL FEMURWITH SEVERITY OF OSTEOARTHRITIS
V. Varela1, J.S. Gregory1, R.J. Barr1, F.J. Gilbert1, T.W. Redpath1,
J.D. Hutchison1, J.H. Lee2, R.M. Aspden1
1Univ. of Aberdeen, Aberdeen, United Kingdom; 2Pﬁzer, Collegeville, PA
Purpose: We have hypothesized that osteoarthritis (OA) is a systemic
disorder with a metabolic component involving lipid metabolism. The aim
of this study was to measure the fractional fat content and its distribu-
tion in the hip using MRI and relate this to OA severity assessed using
Kellgren-Lawrence grade (KLG) from conventional radiographs and DXA.
Methods: 67 subjects (28 male and 39 female, ages 40-81 years) were
recruited from either the local Radiology Information System or the pre-
operative assessment clinic. Coronal images of the hips were recorded
on a Philips 3T Achieva scanner using the three-point-Dixon technique.
Fractional Fat (FF) content was calculated as the ratio of the fat signal
amplitude to the total signal amplitude (fat and water) in selected regions.
In each hip 6 regions of interest (ROI) were identiﬁed in the proximal
femur and 1 ROI in the acetabulum. In addition, values were found for all
the femoral ROIs combined in order to describe the FF distribution over the
whole proximal femur. The mean value, standard deviation and entropy
of the FF distributions were determined for each ROI and compared with
severity of OA deﬁned by no OA (KLG 0 and 1), moderate OA (KLG 2 and 3)
and severe OA (KLG 4 and 5) where KLG 5 denotes a hip about to undergo
surgery for total hip replacement. Cysts were identiﬁed in 6 of the high
KLG subjects and fractional water content measured in the cysts, the region
immediately adjacent and two regions at increasing distances away. Data
are shown as mean (SD) where normally distributed, median [25%,75%]
otherwise. Groups were compared using ANOVA or Kruskal-Wallis ANOVA
on ranks as appropriate.
Results: Overall, in the whole proximal femur, patients with severe OA
had signiﬁcantly lower mean FF values 65.9% [60.0,71.2] than those with
moderate 75.8% [71.5,79.6] or no OA 76.1% [72.5,78.1] ( P=0.002). The
distribution of FF values had a signiﬁcantly greater standard deviation
(11.2±2.2%) and entropy (5.26±0.38) in severe OA than those with mod-
erate OA (8.4 (2.7)% and 4.7 (0.54) or no OA (8.3 (1.8)% and 4.77 (0.34))
(P<0.001 for both measures). Similar results were found in each of the ROIs
in the femoral head and neck and in the acetabulum. The lowest mean FF
values and the largest standard deviations and entropies were found in the
superior femoral head and acetabulum. The differences between groups
diminished with distance from the articulating region and vanished to-
